Ecological risk resulting from invasive species: a lesson from riparian wetland rehabilitation  by Wang, Ziyuan & Pei, Yuansheng
Procedia Environmental Sciences 13 (2012) 1798 – 1808
1878-0296 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of School of Environment, Beijing Normal University.
doi:10.1016/j.proenv.2012.01.173
Available online at www.sciencedirect.com
 
 
Procedia 
Environmental 
Sciences 
Procedia Environmental Sciences 8 (2011) 1824–1834 
www.elsevier.com/locate/procedia 
 
 
The 18th Biennial Conference of International Society for Ecological Modeling 
Ecological risk resulting from invasive species: a lesson from 
riparian wetland rehabilitation 
Ziyuan Wang, Yuansheng Pei 
MOE Key Laboratory of Water and Sediment Sciences, School of Environment, Beijing Normal 
University, Beijing 100875, P.R. China 
. 
Abstract 
Riparian wetland rehabilitation (RWR) is increasingly significant for the maintenance of the integrity and health of a 
river, but it may unexpectedly cause ecological risks. Here, we demonstrate that a pilot RWR project brought about 
the invasion of an exotic species, Pomacea canaliculata, to the reformed wetland and, furthermore, led to ecological 
risks in the river. An open wetland (OW) and a half-open wetland (HOW) were regenerated through the destruction 
of a cement embankment along the riverbank. The amount of emergent, submerged, hygrophytic, and floating plants 
originally surviving in the upstream region were introduced and replanted in the downstream wetlands. However, we 
found that the golden apple snail invaded and propagated quickly, reaching a density of 10 snails/m2, dominating the 
HOW 1 month after the rehabilitation process. Approximately 60% of the vegetation was grazed upon by the snails in 
the HOW, whereas only 10% of the vegetation was lost in the OW. The most harmful snails were identified as those 
that were 31-40 cm in body length and 22.43-42.95 g in body weight. Eight sets of laboratory tests demonstrated that 
the preferred order of vegetable consumption by the snails is Hydrilla verticillata, Ceratophyllum demersum, 
Potamogeton crispus, and Vallisneria spiralis. Both fresh vegetables and slow flow in the HOW were favorable to 
the growth and propagation of the snails under suitable temperature and humidity conditions. The river water quality, 
with a high chemical oxygen demand and concentrations of ammonia, had no influence on the survival of the snails. 
It appeared that the invasive snail caused an ecological risk to the river, but man-made replanting should be the first 
driving power of the risk. The best rehabilitation method must still be elucidated.  
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1. Introduction 
As an important natural resource, riparian zones play significant roles as corridors, as buffer strips, in 
vegetation revetments, and they can support species diversity [1]. However, with increasing human 
populations and the development of industry and agriculture, riparian ecological systems have been 
disturbed by human activity, leading to serious degradation. According to statistics, > 20% of the riparian 
zone vegetation around the world has already been destroyed [2]. In recent decades, with the development 
of river ecological systems and watershed ecology research, the ecotone in river basins (especially 
regarding the structure, function, and reparation of the riparian zone) has received much attention [2-4]. 
Riparian wetland rehabilitation (RWR) can effectively restore and maintain the integrity of the ecology of 
riparian zones. Among the available techniques, riparian vegetation restoration can restore and improve 
matter exchange, energy flow, and biological reactions between water systems and land systems, as well 
as restore the function of the corridor as a filter and barrier [2, 5]. However, although riparian wetlands 
possess much richer biological diversity than other types of wetlands, they are also the most vulnerable 
ecosystem to human activity. Thus, during the recovery and reconstruction of wetland vegetation, it is 
necessary to maintain the integrity of the ecological system and to avoid the ecological risks of the 
invasion of non-native species [6, 7].  
The golden apple snail, Pomacea canaliculata, is an invasive species that was introduced to China in 
the 1980s as an edible snail. Initially, they were largely used as food in many cities in southern China but 
were later abandoned as a food source because of their unpalatability. Golden apple snails can survive in 
many different environments due to their rapid growth and strong adaptability. Furthermore, they have 
established several populations in parts of southern China, resulting in serious ecological risks, which 
threaten the local biodiversity and ecosystem [8, 9]. The golden apple snail is the intermediate host of 
Angiostrongy luscantonensis, which can cause a severe human disease known as Angiostrongyliasis 
cantonensis [10-12], and there are reports that group morbidity was caused by golden apple snails in 
Beijing and Wenzhou [13, 14]. In 2003, the golden apple snail was listed in “The first batch of foreign 
invasive species list in China” by the Chinese Environmental Protection Administration. 
The study presented here was based on a RWR demonstration project in Guangxi province, China. 
Aquatic plants upstream of the RWR site were transplanted to the downstream riparian region to facilitate 
wetland vegetation restoration on the bank strip, which had been destroyed by the curing industry. 
However, the golden apple snail invaded the half-open wetland (HOW) and later massively propagated. 
The emergence of the golden apple snail destroyed the plants, caused ecological risks at the restoration 
site and formed the species invasion. In this paper, we first discuss the screening and optimization phase 
of the plant transplantation for the riparian wetland vegetation restoration. Then, we discuss the 
investigation of the impact of the invasive species on the ecological system by determining the golden 
apple snail’s feeding preferences, food consumption, and growth. Finally, it is crucial to discuss the 
ecological risks caused by artificial plant transplantation technology and learn a lesson by this example 
RWR project. 
2. Methods and materials 
2.1. Study area 
Two trial sites in the riparian zone were established in the RWR demonstration project on Peach 
Blossom River in Guilin, Guangxi. Peach Blossom River is located in the northwest of Guilin City, in a 
middle subtropical monsoon climate zone. The annual mean temperature is 18.9℃. The annual mean 
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rainfall is 1900-2000 mm, and the annual mean relative humidity is between 73 and 79%. The length of 
Peach Blossom River is 65 km, and the annual mean flow is 11.6 m3/s. The middle stream of Peach 
Blossom River is categorized as a level IV surface water, with an excess of ammonium and oxygen. The 
first trial site was an open wetland (OW), and the other was a HOW. The OW was located on the right 
side of Peach Blossom River near the Peach Blossom Mountainvilla. This site was in a v-shaped bend in 
the river. The OW was constructed with a width of 9 m, a length of 0.4 m, and a depth of 0.6 m. The flow 
of the water was slow, and the water body was almost static (Fig. 1). The HOW experimental site was 
situated in the middle of Peach Blossom River, near the Peach Blossom Mountainvilla. The length of the 
HOW was 50 m, and the width of the wetland in the water body was between 1.1 and 2.3 m; the width on 
the shore was 4.5 m. The cofferdam method was used to establish the HOW using asbestos shingles (1.8 
m x 1 m), which were fastened by timber piles and joined by iron wires and waterproof cloth, wire 
meshes, and supportive logs. The inlet and outlet were set upstream and downstream, respectively, and 
could be manually manipulated (Fig. 2). 
 
  
Figure 1. (a) The preliminary stage and (b) the later stage of rehabilitation in the OW. 
2.2. Riparian wetland rehabilitation 
2.2.1. Optimization of plants  
To achieve the restoration of vegetation, it is necessary to transplant and arrange different plant species 
with strong purification abilities. In addition, plant growth also requires enough space, and there may be 
antagonistic phenomena between different species. Therefore, special attention should be given to the 
selection of the plants to attain a synergy among the species and avoid biohazards [15]. Based on an early 
survey of the plant resources along Peach Blossom River, we made full use of the local species and 
replanted native plants. Most of the native plants were transplanted from upstream because the vegetation 
can then easily adapt to the experimental environment and prosper. However, the introduction of alien 
species should be avoided to prevent species invasion, environmental damage, and ecological risks.  
By optimizing the plant configuration in the middle of the river and downstream, a series of 
stereoscopically stable ecological river systems can be built. The main plant species were chosen for both 
the HOW and OW (Table 1) based on the above considerations. The proportions of wetland plants, 
emergent, floating, and submerged plants were 37, 12, 12, and 36%, respectively. Additionally, landscape 
plants were also introduced and cultivated in the HOW. Images of the configuration are shown in Fig. 1. 
During the study, the experimental sites were strictly maintained to avoid artificial damage. 
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Table 1. Configuration of different vegetables for the riparian zone rehabilitation. 
No. Plant name Density  
(plants/m2) 
Area (m2) Area percentage 
1 Aquatic 
plants 
Cyperus alternifolius c 25 6 7 
2 Xanthosoma violaceum c 16 19 21 
3 Ceratophyllum demersum b 36 7 8 
4 Potamogeton malaianus b 36 11 12 
5 Vallisneria spiralis b 36 10.5 12 
6 Acorus calamus a 16 4.5 5 
7 Wetland 
plants 
Myriophyllum verticillatum a 36 5 6 
8 Calla palustris a 16 5 6 
9 Zizania caduuciflora a 16 3 3 
10 Aremisia argyi a 42 3.2 4 
14 Arrhenatherum elatius a 25 2.5 3 
12 Crinum asiaticum a 36 9 10 
13 Polygonum hydropiper b 36 1.5 2 
11 Phragmites australis b 32 2 2 
15 Landscape 
plants c 
Crape myrtle 3 m spacing 10 for each species 
16 Celosia argentea 6 m spacing 
17 Livistona chinensis 5 m spacing 
18 Prunus persica 2.5 m spacing 15 
19 Alocasia macrorrhiza 1.5 m spacing 20 
20 Bauhinia variegata 1.5 m spacing 2 
21 Nerium oleander 0.5 m spacing 200 
22 Rhododendron simsii 1.5 m spacing 6 
23 Metasequoia 
glyptostroboides 
2.5 m spacing 5 
Total area 89.2 100% 
a Upstream transplanted vegetation. 
b Original plant. 
c Introduced vegetation. 
2.2.2. Principle of the configuration 
To construct the stereoscopic river channels, it was necessary to increase the different combinations of 
vegetation arrangements to protect the original plants, which can also improve the landscape effect of the 
river (Fig. 2). Therefore, the principles of the plant configuration in the HOW were as follows: a) to 
maintain the original status of the local plants in the test field, b) to transplant the plants in the order of 
terrestrial plants, hygrophytes, emergent aquatic plants, and submerged aquatic plants, and c) to arrange 
the plants in a reasonable manner. 
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Figure 2. Diagram of the plant configuration. 
2.2.3. Transplanting 
In the HOW, all of the plants except the aquatic plants were transplanted by soil cultivation. Such a 
method can protect the roots and maintain the original soil environment, which is beneficial for the 
growth of plants. As for the submerged plants, a soilless transplanting method was used: the roots of 
Vallisneria spiralis were imbedded, and the stem of Ceratophyllum demersum was inserted directly into 
the mud.  
2.3. Study of the golden apple snail 
Within a month of establishing the HOW, we found that the golden apple snail had significantly 
propagated in the area damaged a portion of the transplanted vegetation, especially the submerged plants. 
Therefore, we investigated the harm caused by the golden apple snail to determine the cause of its 
excessive breeding and to protect the transplanted aquatic plants. 
2.3.1. Food consumption test 
First, we prepared several 28-L barrels separated into four cells and placed golden apple snails in these 
without feeding for 3 days. Different plants with the same weight were then placed in the cells, including 
Acorus calamus, Zizania caduuciflora, Calla palustris, Cyperus alternifolius, V. spiralis, Hydrilla 
verticillata, Potamogeton crispus, and C. demersum. The golden apple snails were fed and weighed (wet 
weight) regularly. 
2.3.2. Plant preference test  
Eight plants were placed into eight barrels (Table. 2). Then, a pair of male and female golden apple 
snails were maintained in the barrels and weighed every 5 days. We also observed the growth and 
reproduction of the golden apple snails.  
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Table 2. Design of the plant preference test. 
Barrel 
no. 
Plant name Female Snail Male Snail 
Length of shell 
(mm) 
Weight (g) Length of shell 
(mm) 
Weight (g) 
#1 Vallisneria spiralis 32 26.37 36 37.92 
#2 Hydrilla verticillata 39 42.95 31 22.95 
#3 Potamageton crispus  33 37.41 34 32.46 
#4 Ceratophyllum demersum  31 26.32 32 22.43 
#5 Acorus calamus 40 42.10 33 24.16 
#6 Zizania caduuciflora 37 38.61 34 23.33 
#7 Calla palustris 39 39.45 35 31.78 
#8 Cyperus alternifolius 37 31.31 34 28.74 
3. Results and discussion 
3.1. Effect of riparian wetland rehabilitation 
For a river channel, the structural integrity of the terrestrial plant-hygrophyte-aquatic plant series is 
very important. Indeed, it is the foundation that ensures the integrity of the river ecological structure and 
the stability of the ecological system. In natural river channels, terrestrial plants, hygrophytes, and aquatic 
plants are distributed in a hierarchy with a single configuration. 
In the RWR, the plants were arranged, changed, and collocated gradually along the Peach Blossom 
River. In the riparian zone, a well-proportioned landscape and various plants were arranged to improve 
the landscape and ecological effects. Vegetation stabilizing technology was used to protect the riparian 
zone, and plants with abundant diversity were used to help recover the self-purification capacity of the 
river. These methods can also induce the river to form multiple landscapes and habitats. In addition, as 
with urban river restoration, it was important to reflect both strong ornamental functions and water 
affinity functions. By the reasonable collocation of the plants, the river and the riparian zone were 
connected and formed a three-dimensional spatial landscape, presenting an aesthetically pleasing 
environment. 
The OW, cultivated first, can help to perfect plant transplantation techniques and cultivation of the 
plants in the HOW. The condition of the plant growth in the HOW was similar to that in the OW. Initially, 
the plants grew slowly and lacked vigor (Fig. 3a), but after 1-2 weeks, the plants recovered and grew well 
(Fig. 3b). In the winter in the HOW, the annual terrestrial and aquatic plants all died, which is natural for 
annual plants. The aquatic plants (e.g., V. spiralis, A. calamus, and C. palustris), the hygrophytes (e.g., 
Phragmites australis and Arrhenatherum elatius), and the landscape plant Livistona chinensis all survived. 
After removal of the dead plants and reconfiguration of the site, the landscape of the river and the riparian 
zone were much improved. Although there were bare patches, the vegetation began to sprout, and the 
Peach and Chinese redbud trees blossomed (Fig. 3c).  
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Figure 3. (a) The preliminary rehabilitation stage, (b) the later rehabilitation stage (after 1 month), and (c) the final stage during the 
following spring in the HOW. 
In the HOW, the survival rate of the transplanted plants reached 100%. The plants transplanted from 
upstream grew well. Therefore, upstream plants can be transplanted and survive in downstream regions of 
a river. The results for the transplanting in the HOW further verified the results obtained in the OW. 
By choosing different types of plants and utilizing plants of different heights, we altered the previous 
monotonous pattern of plants in the riparian zone. With this logical configuration, the vegetation was 
much richer, the landscape was transformed into a changeable and vivid one, and the pattern of the three-
dimensional landscape was enhanced (Fig. 1b and Fig. 2b). 
3.2. Characteristics of the golden apple snail in the HOW 
After 1 month of the rehabilitation process in the HOW, we found that the golden apple snail had 
invaded the area and propagated quickly with densities of 10 snails/m2, dominating the HOW. The golden 
apple snail is native to South America and fond of clean freshwater. It has become an invasive species in 
China due to the abundance of food and the lack of a natural enemy [16]. In this study, the golden apple 
snail reproduced significantly, and the mature snails massively fed on the RWR vegetation (Fig. 4). 
Indeed, a large proportion of the plants were destroyed and decayed, including P. crispus and H. 
verticillata (Fig. 5). According to our observations in the HOW and subsequent statistical analysis, of the 
mature golden apple snails, those that were 31-40 cm in length and 22.43-43.95 g in weight were the most 
harmful to the vegetation. During the river rehabilitation, golden apple snails destroyed 60% of the plants 
by cumulative consumption (according to the plant configuration numbers). They led to severe damage of 
transplanted vegetables and posed an ecological risk to the local area. 
 
  
Figure 4 (a) The spawn of the golden apple snail and (b) the mature snails in the HOW (left, male; right, female). 
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Figure 5 (a) Examples of decayed P. crispus and (b) decayed H. verticillata. 
3.3. Damage caused by the golden apple snail to the ecosystem 
Considering the damage caused by the golden apple snail, it was crucial to investigate the 
characteristics of this species. Furthermore, we sought to find an efficient method to avoid and remove 
this invasive organism. The results of the plant preference experiments demonstrated that the golden 
apple snail tended to feed on the submerged plants, such as H. verticillata and P. crispus. In addition, the 
presence and massive propagation of the golden apple snail can cause damage to the roots of plants and 
eventually deteriorate water quality [7]. Therefore, care should be exercised during river rehabilitation to 
avoid species invasion, which can severely influence both the river reparation and water quality. 
In the food consumption experiment, four small divisions were made in a barrel with a water height of 
30 cm, and eight golden apple snails (of known weight) and vegetation were placed into the different 
divisions. After a period of time for breeding, we weighed the golden apple snails and vegetable matter 
(wet weight) (Table 3). Our results revealed that the snails rarely consumed the emergent plants such as Z. 
caduuciflora, C. palustris, and C. alternifolius. Based on their consumption, the snails appeared to favor 
H. verticillata and C. demersum, followed by P. crispus. Thus, the order of consumption of the submerged 
plants by the golden apple snail was H. verticillata > C. demersum > P. crispus > V. spiralis. There was an 
obvious selectivity of the golden apple snail for the eight aquatic plants, and the snails preferred the 
submerged plants over the emergent plants. Therefore, the damage to the submerged plants was greater 
than that of the emergent plants. At the trial sites, we found severe damage and death of H. verticillata 
and P. crispus. As for the other submerged and emergent plants such as V. spiralis and A. calamus, they 
grew normally, and little damage was found, though there was evidence of sampling by the snails. 
Therefore, during river rehabilitation, the numbers of H. verticillata and P. crispus plants should be 
limited and controlled. 
Table 3. Results of the food consumption test for the golden apple snail. 
Plants Weight change after 24 h (g) Weight change after 48 h (g) 
Acorus calamus ＋1.09 ＋1.46 
Zizania caduuciflora ＋0.83 ＋0.90 
Calla palustris ＋0.14 ＋0.16 
Cyperus alternifolius ＋0.09 ＋0.15 
Vallisneria spiralis ＋1.49 ＋3.02 
Hydrilla verticillata ＋3.50 ＋5.17 
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Potamageton crispus ＋2.90 ＋4.16 
Ceratophyllum demersum  ＋3.31 ＋4.63 
In the plant preference experiments, A. calamus, Z. caduuciflora, C. palustris, C. alternifolius, V. 
spiralis, H. verticillata, P. crispus, and C. demersum were individually placed into eight barrels. A pair of 
female and male golden apple snails (of known length and weight) was then bred in the barrels. Every 5 
days, the golden apple snails were weighed, and the growth of the plants was recorded (Table 4).  
The golden apple snails severely affected the growth of the submerged plants, H. verticillata, P. 
crispus and C. demersum, and the water quality worsened in these three barrels. The growth of A. 
calamus, Z. caduuciflora, and C. palustris was unaffected by the golden apple snails. 
Table 4. Results of plant preference tests. 
Time Observation Number 
1# 2# 3# 4# 5# 6# 7# 8# 
Sept. 28 Plant 
growth 
Normal Normal Normal Normal Normal Normal Normal Leaves 
withered 
Spawn None None Mating None Mating None None None 
Oct. 04 Plant 
growth 
Decay Stem 
Broken 
Stem 
Broken 
Stem 
Broken 
Leaves 
withered 
Normal Normal Leaves 
withered 
Spawn None Mating None None None Spawn Spawn None 
The plant selectivity of the golden apple snail worsened the water quality because many of the plants 
were bitten, destroyed, or decayed [17]. Therefore, when using vegetation to restore rivers, the residue 
from decayed plants should be removed in a timely fashion to prevent secondary pollution. Consequently, 
this process can also inversely affect the growth of golden apple snails, even leading to their death. The 
golden apple snails feeding on P. crispus and A. calamus (barrels #3 and 5) did not spawn or mate. 
Additionally, dead snails were found in all barrels. In barrel #7 (containing C. palustris), the water quality 
was consistently in good condition, but the golden apple snails died due to the lack of food. In barrel #6 
(containing Z. caduuciflora), the growth of the golden apple snails was normal, but the weight of the 
snails increased slowly, suggesting that Z. caduuciflora is not a preferred plant for these snails. 
Based on the above experimental results, we improved the plant configuration, reduced the number of 
the preferred plants of the golden apple snail, and connected the HOW with the Peach Blossom River to 
introduce predators. Furthermore, measures, such as raising carp and spraying tea seed slag, were taken 
to control the excessive breeding of the golden apple snails.  
In this study, the local ecological environment was changed and improved due to RWR. However, 
golden apple snails, an invasive species, appeared at the experimental site. The rehabilitation partially 
altered the hydraulic factors of the river, including the water flow and water exchange [18, 19]. Vegetation 
revitalization projects may improve the landscape near a river but can also constrain the natural processes 
of the river [20]. Therefore, these potential impacts may be the explanations for the emergence of the 
golden apple snail, an invasive species that led to ecological risks and resulted in the loss of vegetation 
and the decline of the landscape. Thus, during river reparation, an initial survey should examine any local, 
existing, or potential invasive species and try to avoid restoration activity during their breeding season. 
Most importantly, although river rehabilitation is an efficient technique to restore and improve damaged 
riparian wetlands, any reparation process should be careful to avoid species invasion and ecological risks. 
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4. Conclusion 
Riparian rehabilitation technology in the reparation of rivers has received increasing attention and has 
been applied in many areas. Logical plant configurations make the riparian zone a healthy ecological 
habitat with abundant plant diversity and a pleasant place with water affinity and landscape effects. 
However, because the rehabilitation process changes the original circumstances of the river, it can 
potentially cause ecological risks. 
In this report, the invasion of the golden apple snail appeared soon after the successful completion of 
the RWR. The invasion destroyed the effect of the reparation, damaged the growth of the transplanted 
plants, and led to the deterioration of the water quality. By exploring the growth habitat of the golden 
apple snail, we improved the reparation plan and effectively controlled the invasive species. However, the 
snails actually harmed and threatened the local ecology and wildlife. Therefore, an important lesson 
learned in RWR is that during the reparation of the riparian zone, researchers should fully consider and 
investigate the environment to avoid species invasion and other ecological risks. 
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